The behavioral expression of fear ranges from active, cognitive responses to passive, freezing-like reactions. In this issue of Neuron, Gozzi, Jain, and colleagues suggest that neurons in the central amygdala orchestrate output signals toward either the brainstem or cholinergic basal forebrain and thereby can shift fear reactions from passive to active.
''Fear is often preceded by astonishment, and is so far akin to it, that both lead to the senses of sight and hearing being instantly aroused.. The frightened man at first stands like a statue motionless and breathless, or crouches down as if instinctively to escape observation..'' This early description by Charles Darwin (1899) 
in his book entitled ''The Expression of the Emotions in Man and Animals''
indicates that fear ranges among the most intense emotions and that it includes a wide spectrum of behavioral expressions ranging from motionless freezing to cortical arousal. Key to the underlying neural control system is the amygdala, a brain structure involved in processing of fearrelated signals and acquiring lasting memories of fearful events (LeDoux, 2000; Maren and Quirk, 2004; McGaugh, 2004; Pape and Paré , 2010) .
The amygdala, located in the anterior portion of the temporal lobe, comprises a dozen or so nuclei, including the basolateral complex (BLA) and the central nucleus (CeA), the latter one including a lateral (CeL) and medial (CeM) part. The established view of the BLA is that of an interface for integration and plastic modulation of sensory and aversive signals, while the CeA is considered a major output station to downstream targets in the hypothalamus and the brainstem for orchestration of motor and autonomic components of the fear response (LeDoux, 2000) . Upon a closer look, the major CeA output neurons are located in CeM, are GABAergic in nature, and are under intricate synaptic control, for instance through GABAergic neurons in CeL (Ehrlich et al., 2009 ). These results, together with the notion that CeL-CeM circuits can participate in conditioned fear responses, particularly with overtraining (Rabinak and Maren, 2008) , recently gave rise to an extended view of the CeA as an inhibitory interface capable of dynamically controlling fear behavior (Wilensky et al., 2006) . A major gap is evident, however, when it comes to relating these intricate CeA networks to specific downstream targets that support appropriate fear responsiveness.
In this issue of Neuron, Gozzi, Jain, and colleagues (Gozzi et al., 2010 ) present a most elegant piece of work in which they identify synaptic networks in CeA and their downstream targets capable of determining specific components of fear behavior. To do so, they have developed a combination of pharmacogenetic technologies and fMRI-based mapping in mice. A critical element has been a transgenic mouse line, previously generated in the Gross laboratory (Tsetsenis et al., 2007) , in which the serotonin 1A receptor (Htr1a) was expressed selectively in CeA (Htr1a CeA ) on a knockout background (Htr1a KO ). This approach has proven successful for rapid and selective silencing of neuronal activity in CeA, through pharmacological stimulation of Htr1a with 8-OH-DPAT and associated membrane hyperpolarization in CeA neurons. Of note, Htr1a responses were observed in a particular type of CeA neurons only (termed type I), and inhibition of this type of CeA neurons was sufficient to suppress conditioned fear responses (Tsetsenis et al., 2007) , thereby pointing to a single subregion or even a single cell type in CeA governing the final output circuit of the amygdala. This hypothesis, in turn, provided the rational basis of the present study.
Mice were placed in a MR scanner, and brain activation patterns were monitored through fMRI signal changes upon selective silencing of CeA type I neurons. This way, the authors managed to link CeA activity with nuclei of the cholinergic basal forebrain, including substantia innominata, diagonal band of Broca, and nucleus basalis of Meynert. Moreover, through bottom-up analysis, they linked cortical activation patterns to the same cholinergic nuclei. The cholinergic basal forebrain system is well known for its arousing influence on the cortex, suggesting that silencing of CeA neurons leads to cortical arousal via activation of these cholinergic nuclei. It is one of the strengths of the paper that this hypothesis has been verified and related to behavioral components of conditioned fear in a meticulously systematic array of experiments. First, atropine, an antagonist of muscarinic acetylcholine (ACh) receptors, significantly attenuated brain activation, while an analog with poor brain penetration had no effect, thereby confirming involvement of the central cholinergic system. Second, c-Fos immunocytochemistry revealed a cortical activation pattern resembling that obtained with fMRI. Third, and most importantly, active components of conditioned fear responsiveness (like exploration) were increased while passive responses (like freezing) were decreased at the same time. These active and passive components of fear responsiveness were mutually exclusive, and the shift from passive to active behaviors was sensitive to pretreatment with the muscarinic receptor antagonist atropine. Of note, Htr1a KO served as controls for each experimental line.
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Neuron Altogether, available data now allow us to construct two functional pathways from CeA to downstream targets: one route via the cholinergic basal forebrain mediates cortical arousal and active components of fear reactions, and the more classical one via brainstem centers mediates passive behaviors such as freezing ( Figure 1A) . One caveat to this story, as acknowledged by the authors, results from the question of whether CeA mediates a switch from passive to active behavior, thereby eliciting a change in quality of fear responsiveness, or rather a change in intensity of the fear responses. As a corollary, is the shift in behavior a direct consequence of cortical arousal or a mere function of inhibiting CeA output neurons to brainstem centers that mediate immobility? This is an important distinction, as increases in active fear behavior can be assumed to occur with increases in emotional load, according to the defensive distance hypothesis (McNaughton and Corr, 2004) . The authors' observation of a distinctive dose-dependent effect of atropine on freezing and active fear responses is a good starting point to resolve this.
Further exciting news from the Gozzi, Jain, et al. paper is that key synaptic circuits in CeA have been identified using whole-cell patch-clamp recordings in amygdala slices in vitro. Again, the approach has been a rather clever one, based on the dissociation of oxytocin and vasopressin receptor expressing GABAergic neurons in CeL and CeM, respectively, and the inhibitory connection from CeL onto CeM neurons (Huber et al., 2005) . This specificity of connections has been used in the present study to show that the relevant type I neurons are situated in CeL and are connected to output neurons in CeM via yet another type of GABAergic neuron (termed type II). Because CeL, but not CeM, sends projections to cholinergic nuclei in the basal forebrain (Jolkkonen et al., 2002) , these results led the authors to propose a dedicated synaptic circuit for the control of active and passive components of fear reactions ( Figure 1B ): key to their scheme are the type I neurons in CeL, which function as a switch for the control of fear responsiveness. They tonically inhibit type II GABAergic neurons in CeL. These, in turn, project to GABAergic neurons in CeM connecting to brainstem centers, as well as to inhibitory GABAergic neurons in basal forebrain nuclei connecting to cholinergic neurons, thereby composing double-disinhibitory pathways. When the switch is ON (CeL type I neurons active; green arrows in Figure 1B) , the CeM output neurons to the brainstem and the GABAergic neurons in the forebrain are both disinhibited, resulting in passive fear reactions mediated via the brainstem (while the cholinergic forebrain remains in a GABA-inhibited state). When the switch is OFF (CeL type I neurons silent, as in 8-OH-DPAT-treated Htr1a CeA mice; red arrows in Figure 1B) , the output to brainstem in CeM is inhibited, while the GABAergic inhibition is removed from the cholinergic basal forebrain neurons, resulting in cortical arousal and active fear responses.
The overall message is that a specific type of CeL neuron (type I) can orchestrate the output of the amygdala toward either brainstem or cholinergic forebrain targets, thereby determining the magnitude and/or quality of conditioned fear responses. These results, of course, raise further questions about how the switch is regulated and how it relates to other aspects of fear behavior. What may be the upstream influences controlling CeL neurons? For instance, the CeL receives inputs from BLA and various regions outside the amygdala, such as sensory and higher-order cortical and subcortical regions, suggesting that the CeL may function as an inhibitory sensory interface to CeM (Ehrlich et al., 2009) . Can the behavioral switch via CeL activity be modulated through these upstream influences or through synaptic plasticity in amygdala circuits (Pape and Paré , 2010) , or even be bypassed through those CeL neurons that project directly to brainstem effector structures, not involving CeM (Gray and Magnuson, 1992) ? Of note, one population of CeL neurons sends a heavy projection to the bed nucleus of the stria terminalis (BNST) to evoke release of corticotropin-releasing factor (CRF), which is considered critical for states of sustained fear (Davis et al., 2010) . Inhibitory feedback control of CeM via CeL and/or BNST boosts the seamless transition from phasic to sustained fear (Davis et al., 2010) . Will this transition be associated with shifts toward forebrain activation, as can be deduced from the (schematically) integrated networks (blue arrows in Figure 1C) ? Moreover, what might be the role of the proposed CeL-gated switch in fear extinction (Maren and Quirk, 2004) ? More specifically, can GABAergic neurons of the intercalated cell masses (ITC) function as upstream controls, given their role of relaying infralimbic prefrontal cortical (IL-PFC) signals to inhibit CeM output during fear extinction (Likhtik et al., 2008) ? Will this then disinhibit the cholinergic basal forebrain loop and arouse the cortex as part of a cognitive strategy (blue arrows in Figure 1D )?
In conclusion, Gozzi, Jain, and colleagues suggest that dedicated pathways governed by CeA activity can determine active and passive components of behavioral reactions to aversive situations. These results break new ground in our understanding of the neural substrates of complex behaviors but also highlight some challenges when it comes to relating detailed cellular mechanisms to defined components of the behavioral repertoire. Importantly, future studies are needed to explore the significance of the identified pathways for various adaptive states of apprehension, like phasic and sustained fear, unconditioned or conditioned fear responses, and fear extinction, all of which recruit specific elements of an amygdala-based synaptic network pool. Deciphering these specificities will be one important precondition for tracking down abnormal interactions between CeA and downstream targets, which have been implicated in a number of clinically relevant alterations, as for instance anxiety disorders. The work of Gozzi, Jain, and colleagues prepares the ground for such studies.
